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Mixing Overview:

flavor mass
‘Va> = Um"V?;>. (using s;; = sinf;; and ¢;; = cosb;;)
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Solar (I-2) Sector:

SNO, KamLAND, SK ...

om2, = +7.1 £2.0 x 107°eV?
0.23 < sin® #5 < 0.35

sin® @15 > L excluded at > 5 ¢!

2

Sign of dm3, determined at this C.L.

Due to matter effects
the ®B solar neutrinos exit the sun as vs.
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r = N1/(N1 + Na)

CC .
NO - r cos® 0o + (1 —r) sin® 615

o SiIl2 (912 -+ 7" COS 2912

SiIl2 612

2

0.31 +0.03~ 029+ 0.03 == 7~5%

Thus SNO's is a direct measure of sin® 64-.

NC

(Up to small corrections.)
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KamLAND Result;

—— reactor neutrinos
@ geo neutrinos
= accidentals

Events/0.425 MeV

2.6 MeV o KamIL.AND data
analysis threshold —— no oscillation
—— best-fit oscillation
sin*20 = 1.0

Am*= 6.9 x 107 eV?

Nobs — NB

Prompt Energy (MeV)

Nexpected
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C = 0.611 4 0.085(stat) £ 0.041(syst).

No spectral distortion seen:

1

Plve —ve) =1 — 5 sin® 2015
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Atmospheric (2-3) Sector:

(23)-Sector: SK, K2K V — V
p p

[0m3,] = 1.9 — 3.0 x 1077 eV?
0.35 < sin® g3 < 0.65 sin? 2695 > 0.91
(obtained from sin? 2653 > 0.91)

Magnitude of ém2, and sin® 6,3 both
poorly known!

Vel Vi
. 2 € M T
Sign of dm35, Unknown !
- sin’6y; = sin®fy3 =
% Sil’l2 023 2/3 Sil’l2 912 2/3
MINOS 3 o — I —

A o 1/3 5 13
- sin“ 63 Amg, 23
2 Am2,, Ny B |

1 m = 13

I P rove S O n 8 sin2912 2/3 2
E > T Ay,
=) Am? 1/3 )
O 2/3 sin” 63 2/3
z I . 31 g

2 1/3 .2 1/3
sin“ 63
m 3 2 NORMAL INVERTED

Fractional Flavor Content varying sin’ 6>4

O. Mena and SP hep-ph/0312312
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(1-3) Sector:

Chooz, SK and K2K

sin? 5 < 0.03 — 0.05

limit |dm3,| dependent

0<dcp <27

Unknown!
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Fractional Flavor Content varying cos 0
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0 =m/2 or 3m/2
unless 613 = 0



Super-Chooz:
interest in Japan, Europe, Russia, USA (CA and IL), China ....

2
1— P, _, =sin®260;3 {Silfl2 Agtm + O (AASSZSI)} +0 ( SOMT)

atm

>1% I <3% <0.1%

kinematical om? ¢ L om? ¢ L
Agi, = atm™ _ 1 g7 9Matm
phase atm = 4R !

Clean measurement of

sin® 265 down to 0.01

Systematics limit

experiment: .
Could be “quick” and -
“Ch eap” but . 7 GW, 50 tons, 3 years, and 1400 meters sin'20),

J. Link, Columbia
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Leptonic CP and T Violation in Oscillations

CP

Vy < Ve >
T 7
Ve < Vy, <

CP

_ atm sol 2
PVuﬁVe o a’,u—>e a’,u—>e ‘

CP Violation comes from the Difference

' atm sol
in the Interference of ;" amd a;”,

for neutrinos verses anti-neutrinos.

CAN BE LARGE!!I

Important parameters are 613 and 9.
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Leptonic CP and T Violation in Oscillations

CP

Vy < Ve >
L
Ve g2 1y, <

CP

_ atm SOl 2
PVuﬁVe o a’,u—>e a’,u—>e ‘

CP Violation comes from the Difference

' atm sol
in the Interference of ;" amd a;”,

for neutrinos verses anti-neutrinos.

CAN BE LARGE!!I

Important parameters are 613 and 9.
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Patm(V'u — Ve) — |CLCLtTn|2 — SiIl2 923 SiIl2 2913 SiIl2 Agl

PSOZ(VM — V) = |a80l \2 — ¢08? 093 cos? B3 sin? 2015 sin® Aoy

-0

relative phase is Agzy =

P(V'u N Ve) _ ‘aatm 4 asol‘Q _ Patm 4 Psol 4 2\/Pa’

Neutrino—AntiNeutrino Asymmetry
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10 T TTTTT I T T TTT
L | [ .
; ; Maximum Asymmetry when
08— ° -]
L) : atm sol
_ : : a®"™| = |a®
[a¥ -/ g
+ . O
0.6 . L o] 2
& [ ) ° 2 2
S of % i SiIl2 2012 ~ sin” 2012 | %
[a¥ A ;e 13 tan? 6 2 §m?2
| o N . 23 31
A 040 N 9]
. N .
7;2(5 A32:'”'/2 h 5 ~ 0.002
O 2 __8 6 2 -5 2\
. o, 0mg = 7.0 x 10 © eV™ .
Q. -
% 6m§1 =25 x 107° eV? \ ~ 3
I l:lllllll | | llllllI | | lllllll:
0.0
103 10~° 10~1
sin®26 4

sparkE HQ&L 04



VM -2 ;e)> 76

<P(v

Bi-Probability Plots:
Minakata and Nunokawa

hep-ph/0108085
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VM -2 Ue)> Z

<P(v

Bi-Probability Plots:
Minakata and Nunokawa
hep-ph /0108085
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Off-Axis Beams:

BNL 1994

JHF — Super-Kamiokande

295 km baseline - s,ié-
Super-Kamiokande: 5 S
22.5 kton fiducial . .
Excellent efp ID i]%f’ - r
Additional n%/e ID Smrﬁagmkam&ﬂ EE'E-km J%E”F;H,]
Hyper-Kamiokande ' ;«—{ : e

"\ Toky
20 fiducial mass of o T g .f%,m,;,
Superk 'ﬁ:'l G ’ A

.J |,‘- =
ﬁsala . !i
' -I

Matter effects small

* On axis

-
= 14 mrad off-axis

E, (GaV)

The NUMI Beamline

Study using fully
simulated and
reconstructed data

L=295 km and
Energy at Vac. Osc. Max. (vom)

2
Eyom = 0.6 Gev{ oy evz}

2.5%x10

sparkE HQ&L 04

Two

functionally identical

neutrino detectors

/

Fermilab 10 km Soudan
730 km S
Det. 1 12 km
Det. 2
L=700 - 1000 km and

Energy near 2 GeV
Eyom = 1.8 GeV

X1 820Lkm }

2
2.5x1073 eV?2



Matt

er Effects:

a = GpN./V2= (4000 km)~?

sin Ag; = = sin(Asz1 F al)
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Varying
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sin® 26,5 Log scale:
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Two Signs:

sign of dm3,

and

normal v inverted
hierarchy

Leptonic SlIl 5

CP Violation
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VM —> Ue)> 76

T2K <P(

no info on sign of cosé = -

TRK <P(v, —> v,)> %
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E= 0.6 GeV L= 295 km
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. | | T 1T 1 | I I
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.2
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sindy =sind_ + O.5\/Sin2 2013
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/1 — sin? 6
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0.05

NOVA: sind, = sind_ + 1.5\/81]“2 2013

1.0 3GeV
: : 4.0 [TT |<||E|2| | % |i|3|(|}|e|.\|7| TTTT ||L‘| T |8|%(|)|1|{m|
0.5— T 350 =
- - xR n .
_ - A 3.0 —
o) i - INE.- .
A RO —]
- - S - N 5
= 00— & —] B E
[ @) - o, - .
B ] \Y 1.5:— —:
<0 >0 n .
— - < 1.0— —]
I M _ S :
0.5— —]
—-0.5 — \ — : :
- | \ ] 0.0 _|||||||||||||||||||||||||||||||||||||||_
2 00 05 10 15 20 25 3.0 35 4.0
B 5m < O \\ |\J\ \ ] NOvA <P(v, —> v¢)> %
: v _
_l.O L1 1 1 | L1 1 1 | [ AN | L1 1 1 L1 1 1
0.00 0.02 0.04 0.06 0.08 0.10

sin*26

sensitive to sign of  cosd = V1 —sin?4
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T2K

o —12K: 1.2205km E=0.6GeV
- Sm° > 0 ,
v/
05— —
i (\
S - 6m°® < 0 '®\
c V)
\
w00 J —
—-05— —]
—1.0_' I|IIII|IIII|IIII|IIII
0.00 0.02 0.04 0.06 0.08 0.10
sin®26

with sufficient events
T2K plus NOvVA determines
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+ NOVA

NOvVA: L.=820km E=2.3GeV
1.0IIII|IIII|II1\I|\IIII|IIII
l \ _
\
om”® > 0 N ‘I
0.5 — / —
_/
© <0
-
‘o 0.0— cos 0 —
<0 >0
1/\
—-0.5 — \ —
| \
Sm* < 0 \\ '\o\
" \ \
_1’0 11 1 1 | L1 1 1 | AN | | | | L1 1 1
0.00 0.02 004 006 008 0.10
sin“26

sign of dm3, =hierarchy

Sin 0

=CPV
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Hierarchy: T2K Nu v. NOvVA Nu

sign dm3,

o{E>/GeVL/m)— (063.299), (175,820
At Vac. Osc. Max., Azp = % . E_Sinzzem = (1,3,5,7,9,11) x 0.0 _
INN E 20 % E spread E
Pmat:(liinR)Pfuac N 6;— —;
where Ep ~ 12 GeV. N - -
A Sr— —
I Z _
Therefore, if NuMI and JParc both & 4 6mg, > 0 —
run Neutrinos at Vac. Osc. Max. @/ B E
_ (BN —E7) = e[ =
Py = (1425550 Py ER: / :
1 I_//émgz < 0 —
i.e. PN % (1.2 OT OoS)PJ O:4|IIII|IIII|IIII|IIII|IIII|IIII|IIII:
_ o 1 2 3 4 5 6 7 8

Need about 100 events in each expt. JParc <P(v, —> v.)> %

Separation degraded for EY > E, .

Minakata, Nunokawa and SP — hep-ph /0301210
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Conclusions:

o SiIl2 2(9132 Can be measured by

Reactor Exp.(~ 0.01),
Long Baseline Exp.(~ 0.005),
Nu Factories (~ 10~%).

. sign of dm3, and sin ¢:
= Mass Hierarchy and CP Violation.

V,, — Ve Superbeam Long Baseline Exp. running BOTH v and v.

° (9232 To break the 03 <= 5 — )23 degeneracy.

Combination of Reactor and Long Baseline Exps.
SiIl2 2613 V. SiIl2 923 Sil’l2 2913.
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If the size of 63 Is in range of the LBL experiments,

sin® 2615 > 0.005, then a few carefully choosen counting
experiments with sufficient accuracy can determine

(913, 50p, sign of 5m§17 (923.

A Fabulous Opportunity in the Neutrino Osc. Sector!!!

Leaving the Questions of:
Majorana v Dirac?,
Steriles? and
Absolute Mass Scale, Mj;+.?
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